Introduction
Compression therapy using an elastic arm sleeve is the mainstay in conservative therapy for arm lymphedema (LE) [1] . Although the dose-response relationship between compression pressure and edema reduction has not yet been clarified in arm LE, an interface pressure (IP) above 20 mmHg is generally considered to be optimal [2] [3] [4] [5] . This is a milder compression compared to that derived from compression stockings for leg LE or chronic venous insufficiency, in which an IP above 30 mmHg is recommended [6] . However, arm compression sleeves are still too tight and resistant for weak, elderly, or handicapped people to apply by themselves using the single contralateral hand. For these cases, prescribing larger-sized sleeves may be the choice. We previously reported that knee-high round-knitted compression stockings that were 1 to 2 sizes too large could provide comparable IPs to those provided by an appropriate size stocking [7] . We also reported that, although less effective, a reasonable edema reduction could be achieved using such oversized stockings, while maintaining much better adherence [8] . However, IPs derived from oversized compression arm sleeves have never been reported precisely. In this study, we investigated such IPs and discussed whether they could be applicable for the treatment of arm lymphedema. consent before enrollment. The compression sleeves evaluated in this study were ready-made round-knitted arm sleeves (Medical Support® arm sleeve, Medicks Corporation, Tokushima, Japan), which are supposed to provide 15-25 mmHg at the wrist. The study subjects were 20 healthy female volunteers with a median age of 34 (range 22-61) years, whose left arms were fitted as an S-sized sleeve according to the manufacturer's brochure. The characteristics of the participants' arms and the recommended sizes listed in the brochure are summarized in Table 1 . There were significant overlaps among the definitions of arm sizes, but the participants were selected based on their wrist circumference.
Each participant first put on an S-sized sleeve, then changed into an M, L, and LL-sized sleeve, in that order. With the participant in the sitting position, the IP under each sleeve was measured with the arm in the horizontal position and then in the dependent position using an air pack-type analyzer (Model AMI-3037-SB, AMI Co., Tokyo, Japan). The sensor was placed on the ventral surface of the middle of the forearm and the middle of the upper arm (Figure 1 ). 
Statistical analysis
The results are expressed as the median (range) or count, unless otherwise indicated. The Wilcoxon signed rank sum test was used to test the differences in IPs obtained by each sleeve, and to test the differences in IPs obtained based on different limb positions. The Mann-Whitney U-test was used to test the differences in IPs on the upper arm and forearm. Statistical analyses were performed using JMP 11.0 (SAS Institute, Cary, NC, USA). A p-value < 0.05 was considered significant.
Results
Figure 2 demonstrates the IPs obtained from each sleeve worn by the participants. With the arm in the dependent position, a median IP of 24 (range, 18-30) mmHg was recorded at the middle of the forearm, and 21 (15-32) mmHg at the middle of the upper arm using an appropriately sized, i.e. S-sized, sleeve. These values decreased to 19 (14-24) mmHg (p < 0.05 vs. S sleeve) and 17 (11-24) mmHg (N = 18; p < 0.05 vs. S sleeve), respectively, for an M-sized; and to 17 (10-22) mmHg ( p < 0.05 vs. S sleeve) and 16 (12-22) mmHg (N = 14; p < 0.05 vs. S sleeve) for an L-sized; and finally, to 13 (6-21) mmHg (p < 0.05 vs. S sleeve) and 10 (7-18) mmHg (N = 9; p < 0.05 vs. S sleeve) for an LL-sized. The oversized sleeves did not properly fit the upper arm in a certain number of participants (M-sized: 2, L-sized: 6, LL-sized: 11), so measurement of IP could not be performed in these cases.
The number of participants in whom IP > 20 mmHg was maintained on the forearm were 19 (95%) with an S-sized sleeve, 9 (45%) with M-sized, 7 (35%) with L-sized, and 2 (10%) with LL-sized. The significant difference in IPs on the upper arm and forearm was maintained only when an S-sized sleeve was used, whereas no significant differences were observed when using oversized sleeves. 
Discussion
In contrast to oversized knee-high compression stockings, which were able to maintain comparable IPs even when they were up to 2 sizes too large (one at the level of the transition of the gastrocnemius muscle into the Achilles tendon [B1 level]), IPs, both on the middle of the upper arm and forearm, were significantly decreased with compression arm sleeves that were even 1-size too large. As a result, IP > 20 mmHg could not be maintained using oversized sleeves. Moreover, the designated graduated compression could not be achieved with oversized compression sleeves.
The purpose of compression therapy, particularly in the treatment of LE, is 1) to increase interstitial pressure to reduce capillary filtration, 2) to improve venous and lymphatic drainage, and 3) to enhance muscle pump function [9] . In the arm with LE, increased capillary filtration was reported because of systemically increased vascular endothelial growth factor C concentration and locally increased monocyte chemotactic protein 1 concentration, suggesting the presence of low grade inflammation [10].
www.japanjournalofmedicine.com Recommended sizes are based on the brochure provided by the manufacturer (Medicks Corporation, Tokushima, Japan). In addition to increasing the interstitial pressure by compression, acceleration of venous blood flow due to reduction of venous diameter reduces capillary filtration [11] [12] [13] . However, it was reported that equivalent or even greater edema reduction was achieved with IP of 20-30 mmHg compared to IP of 44-68 mmHg in arm LE, possibly because of the impaired lymph drainage due to high IP in the latter [2, 5] . It is also known that IP of > 10 mmHg may work to prevent and reduce edema, even in the leg [14] . These findings suggest that a lower IP may work to reduce edema of the arm. If this is true, 2 or 3 size too large compression arm sleeves could work as shown in this study, and actually they work as we can experience in the clinic. Although still controversial, a functional muscle pump may exist in the forearm, and may be enhanced by compression sleeves [15] . However, it is also known that the impact of gravity on venous pooling is insignificant in the arm, which was also supported by the current results [17] . Moreover, structures like the soleal vein do not exist in the forearm, and therefore, it is speculated that the impact of a compression sleeve to enhance a muscle pump may be limited. The idea of graduated compression is based on venous hemodynamics in the leg in static conditions, but the impact of graduated compression in the arm, particularly in dynamic states, has not been investigated thoroughly [18] . It was already reported that graduated compression was not always accomplished by ready-made arm sleeves [19] . Additionally, it has been suggested that a reverse-gradient stocking rather than a graduated, degressive compression stocking may be beneficial to improve venous hemodynamics in the leg [2] . Accordingly, the design of compression sleeves may need to be reconsidered. Furthermore, it has been known that the increase in arm volume in LE is not only caused by fluid accumulation but also, and largely, by fat accumulation [20, 21] . However, the impact of compression therapy on local fat metabolism has not yet been clarified.
Limitations
In this study, only IPs immediately after application of sleeves in healthy volunteers (presenting with different arm dimensions) were measured in a limited number of participants. Also, IP alone may not be a surrogate parameter both for the efficacy and tolerability of a compression sleeve. Therefore, it is difficult to draw definitive conclusions based on the study findings, and the conclusions might be oversimplified. The design of the currently employed arm sleeves is based on arm shapes in healthy Japanese adults including both males and females. However, we included only female participants in the current study, because patients with arm LE are predominantly female. This might result in the sleeves not fitting, particularly in the upper arm. However, considering the above situation, readjustment of the sleeve design by the manufacturer may be required.
Conclusion
In conclusion, even an arm sleeve that is 1 size too large could lose IP of the therapeutic range which is assumed to be > 20 mmHg, and designated graduation of IP. Unlike below-knee compression stockings, an appropriately sized compression sleeve may need to be prescribed for patients with arm LE.
